Abstract There is increasing interest in transformational adaptation to climate change in agriculture, i.e. adaptation that involves large-scale, novel responses to reduce vulnerability to climate risks. Transformational adaptation is less well understood than incremental adaptation, since there are few studies of agricultural enterprises making transformative changes in response to climatic change. This paper is an in-depth study of an agricultural company's attempt to implement transformational adaptation in response to climate change. We document the Peanut Company of Australia's (PCA) response to predicted climatic change by expanding its operations into Katherine, Northern Territory, after decades of below-average rainfall in their traditional production region in south-east Queensland. Our research question was: what conditions and processes influenced the outcome of the company's response? We conducted 37 semi-structured interviews with company, government and community representatives to Climatic Change (2016) School of Business, University of New South Wales, Canberra, ACT 2601, Australia examine diverse perspectives on PCA's expansion into Katherine and its subsequent strategic retreat. To reveal insights into why, when and how this attempted transformational adaptation occurred we reviewed the literature and identified Park et al.'s (2012) Adaptation Action Cycles (AAC) framework and aspects from the organisational adaptation literature as useful for our analysis. Based on our findings, we revised the AAC framework to better reflect the way that incremental adaptation in situ can occur simultaneously with transformational adaptation at a new location. Our study illustrates that transformational adaptation in agriculture is difficult, complex, risky and costly and sometimes unsuccessful, revealing some of the challenges of and barriers to organisational adaptation in agriculture, especially when moving to a new location.
Introduction
The need for agriculture to implement innovative and proactive responses to adapt to a changing climate is well documented Howden et al. 2007; McCarl 2010; Meinke et al. 2009 ). Much of the focus on agricultural adaptation to climate change has been on incremental adaptation, i.e. adjustments that enable the decision-maker to continue to meet current objectives under changed conditions, through moderate changes in actions and behaviours (Kates et al. 2012) . However, there is an increasing focus on large-scale, novel responses to climate vulnerabilities and risks, referred to as transformational adaptation, which are characterised by interventions at a higher scale that enable more fundamental changes (Howden et al. 2010; Nelson et al. 2007; Pelling et al. 2014 ). In the agricultural context, transformational adaptation involves Bmajor, purposeful action undertaken at the farm or supra-farm level in response to potential or actual climate change impacts and opportunities in the context of other drivers^ (Rickards and Howden 2012: 240) . Transformational adaptation is thus defined as a Bprocess that fundamentally (but not necessarily irreversibly) results in change in the biophysical, social or economic components of a system from one form, function or location (state) to another, thereby enhancing the capacity for desired values to be achieved given perceived or real changes in the present or future environment^ (Park et al. 2012: 119) . Multiple frameworks for understanding adaptation are emerging, with much of the literature identifying various phases along a continuum of incremental to transformational adaptation (Feola 2015; Pelling et al. 2014 ). For instance, Howden et al. (2010) proposed a three-level description of incremental, systemic and transformational adaptation, with increasing levels of complexity, cost and risk associated with each level. Park et al. (2012) developed this proposal further, depicting incremental and transformational adaptation as two concentric actionlearning cycles (the 'Adaptation Action Cycles' framework). The main difference between incremental and transformational adaption in these approaches lies in the extent of change: incremental adaptation focuses on Bmaintenance of the incumbent system or process^, while transformational adaptation involves Bthe creation of a fundamentally new system or process ( Park et al. 2012: 119) .
The observation that companies can adapt to climate change through both incremental and transformational adaptation is not unique to the agricultural climate change adaptation literature. The organisational adaptation literature demonstrates how the scale and type of adaptation varies for different enterprises and is influenced by other pressures, such as market forces, and competing strategic or operational concerns (Berkhout 2012) . While most studies in this field define organisational adaptation in terms of incremental adaptation, there is also a long tradition of focus on discontinuous or radical change (Miller and Friesen 1980) . Until recently, the organisational adaptation literature has focused on firm or industry adjustments to changes in economic, market or innovation systems, rather than natural environments (Linnenluecke et al. 2012; Linnenluecke et al. 2013) . However, there is an emerging focus on adaptations to changes in the natural environment, particularly climate change impacts and extreme weather events (Arnell 2010; Berrang-Ford et al. 2011; Busch 2011; Hoffmann et al. 2009; Linnenluecke et al. 2012) .
Nevertheless, in both the agricultural climate change and organisational adaptation literatures, transformational adaptation is less well understood than incremental adaptation, largely because there are few empirical studies of transformation in general (Feola 2015) , and few indepth studies of agribusinesses making climate change-induced transformations (Thorburn et al. 2012) . We therefore need more empirical information on why, when and how transformational adaptation occurs in practice.
Australia's leading supplier of peanuts to domestic and international markets -the Peanut Company of Australia (PCA) -embarked on a transformation process in response to perceived climatic risks to the business's sustainability. PCA operates across the peanut processing valuechain, from breeding and developing new peanut cultivars, conducting agricultural research and providing advice to growers, through to producing quality assured peanut products, while relying on private farmers to grow peanuts and supply them to PCA (PCA 2009 ). The company's major processing plant is in Kingaroy, within southern Queensland's Burnett region (see Supplementary Material, Fig. S1 ). Since the 1980s, the Burnett region experienced increased temperatures, declining rainfall and severe droughts (including the Millennium Drought of 2001-2009, the worst drought on record for southeast Australia), which resulted in decreased production and increased contamination of peanuts with aflatoxin, a potent carcinogen and immunosuppressant (Chauhan et al. 2010; van Dijk et al. 2013) . In response to these climatic conditions, PCA implemented incremental adaptation strategies in the Burnett region, such as pre-and post-harvest management strategies to minimise the risk of aflatoxin contamination, as well as pursuing a breeding programme that included 'ultra-early' peanut varieties (Chauhan et al. 2010) . However, PCA saw the rainfall trends as a result of climate change, rather than cyclical fluctuations, and perceived these conditions as a long-term threat to the viability of the business (PCA 2007) . As a result they pursued a strategy of diversifying their production base and vertically integrating the business (i.e. embarking on growing peanuts) to secure the future of the business (PCA 2007) . The geographic diversification aimed to establish a new production base in an area with reliable irrigation water supplies. The Katherine region, a small remote agricultural area in the Northern Territory (~3000 km from the Burnett region), was identified as having irrigation potential, as well as available land, a suitable climate and adequate soils for peanut production, although there was a limited history of commercial peanut production in the region (Chauhan et al. 2015; Marshall et al. 2014) . PCA's reaction to the rainfall trends was an example of an attempt at transformational adaptation in response to climate change, since: (1) PCA had to make substantial investments into the establishment of infrastructure for a new production system in a new location; (2) there was only limited history of peanut production in the new location and thus considerable uncertainty about the viability of the new enterprise (Chauhan et al. 2015) ; and (3) PCA moved to vertically integrate their business, i.e. undertook growing the peanuts themselves rather than relying solely on private farmers. Therefore, although relocation is only one of a multitude of forms of transformational adaptation and not all relocations are necessarily transformational, establishing a production base in Katherine represented a significant change in structure and function of PCA's supply chain and production processes and hence a transformational change.
To help address the empirical gap in understanding transformational adaptation to climate change in agriculture, we studied the response of PCA to predicted climatic change. 2 Conceptual framework for understanding transformational adaptation Through careful review of the literature, we identified insights from the organisational adaptation literature and the Adaptation Action Cycles (AAC) framework (Park et al. 2012) as key contributors to our understanding of transformational adaptation.
Organisational adaptation
Organisational adaptation studies seek to understand the complex realities of organisations, defined as Bcollectivities of actors whose activities are coordinated within definable social units to achieve certain common goals^ (Berkhout 2012: 91) . Most studies in this field define organisational adaptation in terms of incremental adaptation: Ba gradual, continuous change process of an organisation…usually in response to or in anticipation of some form of external pressure originating from the organisation's business environment^ (Linnenluecke and Griffiths 2010: 485) . Numerous theoretical approaches exist describing the motivations for, and process of adaptation (Berkhout 2012) . For instance, behavioural and institutional approaches are useful for examining the Bissues of perception, interpretation, problem-solving and learning^that are central to organisational adaptation and the way organisations are embedded within particular institutional contexts (Berkhout 2012: 93) . Process models of adaptation incorporate elements such as the role of the actors involved, institutional, social and bio-physical contexts, and the relationship between structure and agency (Arnell and Delaney 2006; Berkhout et al. 2006; Moser and Ekstrom 2010; Risbey et al. 1999) . There is also agreement in the literature on the key organisational adaptation processes, namely: perception, evaluation, enactment and feedback (Berkhout 2012) .
Organisational adaptation researchers have also investigated transformation, often referred to as discontinuous or radical change (Miller and Friesen 1980; Romanelli and Tushman 1994) . We now have insights into how businesses make fundamental changes to cope with new, more challenging environments and features that help promote successful transformation. For instance, Kotter (2007) devised a list of eight critical factors for leading change, arguing that successful transformation requires that change managers: (1) establish a sense of urgency; (2) form powerful coalitions; (3) create a vision; (4) communicate a vision; (5) empower action and remove obstacles; (6) create short-term wins; (7) consolidate the change; and (8) embed the changes into the organisation's structure and culture. Kotter's analysis emphasises the need to proceed through all steps: BSkipping steps creates only the illusion of speed and never produces a satisfying result^ (Kotter, 2007: 3) . Similarly, other researchers have identified strong and visionary leadership, strategic thinking, creativity, monitoring emerging threats, implementing risk-management strategies, access to resources, organisational learning, lowregret anticipatory measures, collaboration, effective communication and monitoring and reporting progress as important features of successful transformation (Kates et al. 2012; Moser and Ekstrom 2010; Wilby and Vaughan 2011) . These concepts were included in our analysis as they provided a checklist of the critical success factors for transformational change.
Adaptation action cycles framework for understanding transformation in agriculture
Various theoretical perspectives on transformation exist within the climate change adaptation literature (Kates et al. 2012; O'Brien 2011; Pelling et al. 2014) and there is a large degree of conceptual plurality in the literature (Feola 2015) . Within this literature, the AAC framework (Park et al. 2012 ) appears to provide a novel and integrative framework for understanding incremental and transformational adaptation, combining insights from the transition, adaptation and transformation literatures. We chose to use the AAC framework as a conceptual framework for understanding transformational adaptation because it was designed specifically for understanding the drivers of change and dynamics of adaptation decision-making in agricultural industries, making it particularly well-suited to our case study. The AAC framework features the transition management cycle (Loorbach 2007) , depicting decision-making associated with incremental and transformational adaptation as two concentric action-learning cycles: the inner-cycle focusing on incremental adaptation and the outer-cycle on transformational adaptation. The relative size of the cycles reflects the differences between the scale of change and resources required for incremental versus transformational adaptation (Park et al. 2012) . The arrows linking the two cycles represent the feedback loops that can occur between the cycles. Importantly, the AAC framework is an ideal-type representation of incremental and transformational adaptation: it is intended to help make sense of the complex and dynamic processes associated with these forms of adaptation and can be compared and contrasted with real-world adaptation, rather than strictly define the exact processes (Park et al. 2012) (Fig. 1) .
The action-learning cycles within the AAC framework each consist of the four transition management phases, which are then further operationalised through a series of questions for each phase (Table 1 ). The transition management phases within the framework broadly align with the consensus in the literature on the key organisational adaptation processes outlined earlier: perception, evaluation, enactment and feedback (Berkhout 2012) . The framework reflects an action-oriented approach (Eisenack and Stecker 2011) aimed at understanding the actors, actions and agency, important elements within the PCA case study over the course of their transformational adaptation process. Our application of the AAC framework as the basis for interpreting our results also provides a test of the framework. Thus, we will illustrate whether it helps us to describe and organise the information in our case study and determine whether it provides a useful structure for understanding adaptation in agricultural industries.
Case study methodology
Our research adopted a qualitative case study approach, which allowed us to empirically explore PCA's decision to expand into Katherine as a transformational adaptation response to climate change. Research was conducted over three years and both interviews and company documents were used as data sources. We conducted 37 semistructured interviews with company, government and community representatives in two phases, eliciting rich qualitative data on PCA's transformation experience (see Fig. S2 and Table S1 in Supplementary material for further details). We selected interviewees using a purposive sampling approach (Patton 1990 ), where we collaborated with key informants to identify and recruit participants from company, government and community sectors to capture diverse perspectives on PCA's experience. In phase one, we conducted 28 semi-structured interviews with company, government and community representatives. Interviews were generally one hour in duration and most were conducted face-to-face, in either Brisbane, Kingaroy, Darwin or Katherine; two were conducted via telephone. The interview questions focused on participants' understandings of the context and drivers of PCA's Katherine venture, the challenges and possible consequences of the expansion, how effective the expansion had been to date and what lessons were emerging about the Katherine venture. In phase two, we conducted nine semi-structured follow-up interviews with company representatives, which focused on the rationale for PCA's decision to exit Katherine, the impacts of the change and the key lessons learned. We analysed PCA's Annual Reports from 2000 to 2015 to obtain additional case study context and insights. iii. What do they adapt to and why?
•Preparing and organising a space for 'radical' reflection, experimentation and innovation.
•Establishing a network of 'frontrunners', who can work collaboratively to structure the problem, identify key priorities for future systems and construct a narrative about a desirable future.
•Developing a shared understanding of the problem, along with a set of guiding principles for the envisaged transition.
•Establishing a sense of urgency.
•Forming a powerful guiding coalition.
•Ensuring climate champions are clearly visible: setting goals, advocating and resourcing initiatives on climate change adaptation.
•Ensuring climate change adaptation objectives are clearly stated in corporate strategies and regularly reviewed as part of a broader strategic framework. iii. What are the costs and/or benefits of the decision? •Developing and assessing multiple, adaptable strategies, pathways, agendas and goals that operationalise the vision.
•Establishing a transition agenda, which contains the goals and objectives of the transition and provides a guide for the frontrunners during the 'search and learning process.'
•Creating a vision to help direct the change effort and developing strategies for achieving that vision.
•Communicating the new vision and strategies effectively with internal and external audiences.
•Empowering others to act on the vision.
•Conducting comprehensive risk and vulnerability assessments. ii. What are the implementation constraints or incentives?
iii. What impacts result? •Establishing a diverse, connected range of experiments that put in practice the envisaged pathways.
•Mobilising diverse actors into contributing to the transition pathways.
•Planning for and creating short-term wins.
•Developing scientifically based, workable guidance and training on adaptation.
•Creating flexible structures and processes to assist organisational learning, up-skilling of teams and mainstreaming of adaptation within codes of practice.
•Ensuring adaptation pathways are being guided by the precautionary principle in order to deliver 'low-regret'
anticipatory solutions that are robust to uncertainty about future risks including, but not exclusively, climate change. •Supporting multi-partner networks that share information, pool resources and take concerted action to realise complementary adaptation goals.
Enactment
4. Evaluating, monitoring and learning i. How well do they adapt?
ii. How does the system change?
iii.What are the plans for the future? •Creating an on-going and continuing process of reflection, learning and feedback that results in adaptation of content and processes and informs adjustments to the vision, agenda and coalitions.
•Stimulating social learning among the different actors involved.
•Consolidating improvements and producing still more change.
•Institutionalising new approaches.
•Monitoring and reporting progress against clearly defined targets. The interviews were digitally recorded and professionally transcribed. We used the qualitative data analysis software QSR NVivo® (QSR International, 2006, version 8) to aid the coding, analysis and management of the data. Interview transcripts were analysed using iterative thematic analysis (Grbich 2007) , whereby the data are categorised into a hierarchical structure of themes and sub-themes through multiple rounds of coding, informed by (and informing) our conceptual framework. Interviewees were classified by relevant attributes (e.g. organisation, location) and interviewee responses were compared across these attributes to further explore patterns in the data, for instance to compare the views of company members with government and community stakeholders. Findings from the interview data were triangulated with document analysis, to provide rigour (Denzin and Lincoln 1994). 4 Case study results 4.1 Applying the adaptation action cycles framework to PCA's transformational adaptation experience
We use the AAC framework to structure our investigation of transformational adaptation in an agribusiness. Although PCA's Katherine venture did not involve an explicit, prescriptive transition management approach, the AAC framework lets us analyse the cycles of incremental and transformational adaptation as they occurred in our case study (see the Supplementary Material for a detailed presentation of the data).
Problem structuring and establishing the adaptation arena
PCA's traditional base in the Burnett meant that the company was Bfocused on...dryland production and so very much at the behest of climate and the weather^(PCA Qld). 1 PCA's incremental adaptation response was to attempt to manage their vulnerability to climatic conditions and aflatoxin risk, to maintain production in their dryland region. Several interviewees discussed the new 'ultra-early' peanut varieties as an incremental adaptation option, which provided PCA with some ability to adapt to decreased rainfall in the Burnett:
we started to release some varieties called…ultra-early. So they grow in like 105 days. Whereas…normal varieties take 140 days. So that 105 days allows them to...use a much narrower range of the rainfall band. …Because…we're losing most of the rainfall early in the summer and late in the summer. …So by using ultra early varieties, we can escape some of those issues. (PCA Qld) However, PCA still needed to find another strategy to offset the ongoing shortfall in supply, given the company's commitment to Breducing the recent dependence on imports^ (PCA, 2008: 4) . Recognition of the limits of their incremental adaptation options triggered a shift to transformational adaptation. PCA developed a transformational adaptation strategy based on proactively managing their exposure to climate risks and vulnerabilities: B…we [PCA]… developed the strategy of climate change, embracing that, and we said northern Australia is going to be more reliable longer term…^(PCA Qld). A sense of urgency was created by the climate trends and declining supply of peanuts: BWe had to diversify our production base to survive… [T]he irrigated strategy was the first part of that to try and stabilise production at a reasonable level and then the NT was really the next step to underpin loss of Burnett production^(PCA Qld).
PCA's senior management championed the need to consider climate change: B[Senior management] really drove the strategy…[T]hen all this climate analysis…that was a big driver^(PCA Qld). This strategy was communicated in PCA's Annual Reports. The 2007 Annual Report observed that the Bcontinuation of drought conditions has caused us to accelerate a review of how to address the agricultural risks which affect the Company^(PCA 2007: 4). The challenge for PCA was to Bmake our own intake more reliable and so we need to reduce our reliance on dryland farming( PCA 2007: 4).
Developing the adaptation agenda, vision and pathway
The Katherine venture provided PCA with an opportunity to avoid the risks of their dryland area (drought, aflatoxin contamination, no access to irrigation) and seize the opportunities of the new area (access to water and suitable land, counter-seasonal production option). A clear vision and strategy was created and this was communicated in PCA's Annual Reports. For instance, the 2008-2009 Annual Report stated that PCA Bconsciously adopts a strategy that accepts climate change as a reality^ (PCA 2009: ii) and referred to the PCA's Binnovative approach to mitigate risks from climate change ( PCA 2009: viii) . Opportunities in the new region provided numerous incentives for transformation, including: land and water availability; a history of peanut production in the new region; access to infrastructure and services in the new region that were wellsuited to agriculture; and a government supportive of the new industry. However, significant costs were associated with establishing operations in the new region. PCA hoped that these costs would be outweighed by the benefits of geographic diversification and a more reliable supply of peanuts.
Implementing adaptation actions
PCA implemented its expansion into Katherine through an active research and development program, consisting of small-scale trials in the new region to determine a profitable rotation system. The new system included a counter-seasonal production strategy: that is, the conditions at Katherine allowed PCA to grow peanuts in the dry season (winter), which complemented the schedule of growing peanuts in the summer in the Burnett, thereby ensuring year round availability of peanuts for processing (Chauhan et al. 2015) . This allowed PCA to make better use of its Kingaroy processing plant and potentially offset any shortfall in supply from other regions (PCA 2009). However, interviewees revealed numerous logistical challenges associated with the Katherine venture, especially Bthe tyranny of distance and the inherent costs that adds^(PCA Qld), particularly associated with transport costs, distance from suppliers, higher input costs (e.g. fertiliser and fuel) and distance from markets. As a result, start-up costs were significantly higher than expected and became a financial drain for the company, which lead to concerns about the profitability of the Katherine operations.
PCA also faced significant agronomical challenges in establishing its Katherine properties. Several interviewees described the Bgreat learning curve^(Government Qld) that PCA faced in learning how to grow peanuts in the new region: …it's…a challenging environment…it's hot, it's wet, it's humid, it's sticky. …[S]ome of the things that happen on farms down here [in the Burnett] are not applicable to up there, as far as the way some chemicals react. You've got a whole different range of weeds… and they grow three times faster because of the weather. …So your timing of everything in your operations in the field has to be really spot-on. (PCA Qld) Establishing suitable and profitable rotational crops was another major agronomic challenge: Bthe biggest issue has been…[finding] a profitable rotation crop^(PCA Qld).
External factors also presented PCA with significant challenges. From an institutional perspective, uncertainty associated with the water allocation planning in the new region was an important factor. PCA applied to the NT Government for a Water Extraction Licence, however due to the incomplete nature of the Government's Water Management Plan for the region, PCA was only granted irrigation entitlements on an annual basis. As one interviewee observed: BIf you're making an investment…you want something a bit more permanent than an annual licence^(PCA Qld). PCA also had to deal with community concerns surrounding environmental impacts, including potential impacts on water quality, impacts of fertiliser and pesticides, soil erosion and disease. One interviewee warned, Bthe social licence to operate in the community, that's a risk and it's not always guaranteed^(Community NT). The phrase 'social licence to operate' refers to community expectations about how a company ought to operate and the ability of community acceptance or concerns to either enable or constrain the activities of an industry or company (Williams and Martin 2011) . Global financial, pricing and marketing issues presented further challenges. For instance, the Global Financial Crisis impacted on PCA's Katherine plans through Bthe pressure on finance and loans and banks… We're a real casualty of that.
[If] those scenarios hadn't happened, I'm sure the project would probably still be running along^(PCA, Qld). PCA was also affected by fluctuations in the global market, as the price of peanuts and/or the value of the Australian dollar can adversely impact on the company's costs, via higher import prices, in years where they need to import peanuts to cover a shortfall of supply, or through lower returns on their exports (PCA 2001 (PCA , 2013 .
Thus, in their efforts to implement their transformation plan, PCA had to navigate a complex range of agronomic, environmental, institutional, financial and social challenges. These were all obstacles that constrained PCA's ability to create the short term wins needed to give momentum to the transformation effort.
Evaluating, monitoring and learning
In the first interviews, most of the PCA representatives believed that the Katherine venture had been reasonably effective, despite the many constraints, and emphasised the complex nature of the transformation process. This complexity generated Benormous pressure on staff^(PCA, Qld). This pressure increased when PCA decided to switch from gradually establishing the production systems at the Katherine farms into full-scale production, which entailed the need to rapidly increase the area of land producing peanuts:
We thought we had enough resources [to gradually establish the production systems] but then the goalposts changed: it looked like it was going to be very dry [in the Burnett], so suddenly we went from…just trying to start slowly, to growing a big area of peanuts all in a hurry…but we didn't have…as much resourcing as what we should have had to do that. (PCA Qld) Resources were limited, the production was unable to reach a profitable production of adequate volumes and the Katherine properties became a strain on the company: B…we'd need at least another 1,000 hectares developed before [the Katherine properties would] look after itself. That's where it really needs to be, and with it not being fully developed, it's just a strain on the company^(PCA NT). The difficult conditions PCA faced back in the Burnett forced the pace of development in Katherine, scaling up production before the agronomic challenges had been solved. These factors meant that PCA was not able to achieve the outcomes that they hoped the transformation effort would bring. Furthermore, a change in PCA's senior management led to a turnaround in the company's plans for Katherine.
Internal company dynamics were an important influence on the Katherine venture. At the time of the first interviews, PCA's senior management had recently changed. This change in leadership led to a reassessment of PCA's priorities and a new vision and goals for the company: BThey're [the new management team] probably viewing it with different eyes… I still believe it's got enormous potential but what's potential versus 'is it making money today?' -particularly with rising costs…^(PCA Qld). When the follow-up interviews were conducted, PCA had decided to put their Katherine properties up for sale (PCA 2010) . In the follow-up interviews, most PCA representatives nominated financial considerations and the company's change in strategic direction as the main reason for the sale of the Katherine properties: BThen new management came along and…said we need to concentrate on the market part of the business… So then…it was obvious that they had to sell [the Katherine properties] to reduce debt… So they decided the best thing for us to do was to try and…pass it on to someone that did have the capital to take it further^(PCA Qld). Despite the decision to sell the Katherine properties, most PCA representatives emphasised that the Katherine strategy was valid: BI still believe this was a good strategy, but just it was too big for us and the yields weren't good enough^(PCA Qld). New plans for the future were implemented through the 'Turnaround Plan', which shifted focus from the production of raw peanuts to value-added processing and marketing initiatives: the hope was that PCA would still be able to source peanuts from Katherine once a new owner was found. After two attempts to sell their Katherine properties through auctions in 2010, the properties were sold in February 2012. The properties were bought by a tropical forestry company, so PCA was no longer able to source peanuts from the region and thus still faces the Bongoing challenge^of expanding its intake of Australian grown peanuts, especially given the return of drought conditions (PCA 2015) . Nevertheless, PCA's debt reduction strategies resulted in Ban improved balance sheet^, which has allowed PCA to progress its strategy to Brefocus the business on value added products^, for instance, through launching Bits own 'Kingaroy gold' branded peanut snack products^ (PCA 2015: ii, iv) . Although PCA's transformation journey did not proceed according to their initial plans, much can still be learned from their experience.
Lessons about conditions for and barriers to transformational adaptation
A number of lessons about conditions for, and barriers to transformational adaptation emerged from our case study (see Table 2 and Supplementary Material). In the first interviews, having a long-term strategic commitment and vision was identified as a key success factor. In the Table 2 Synthesis of lessons about conditions for and barriers to transformational adaptation Adaptation Action Cycles framework Case study specific lessons (see Table 4 , Supplementary material for more details)
Reflections on actions needed for successful transformational adaptation (as identified in Table 1 ).
1. Problem structuring and establishing the adaptation arena •Need to create a long-term vision and commitment to change.
•Secure supply of Australian grown peanuts.
Organisational process: perception
•Proactive approach to managing their climate risks and vulnerabilities, especially the effect of drought on their dryland production areas and the resulting decline in supply of peanuts.
•Sense of urgency created by the declining supply of peanuts and predicted climatic conditions.
•Senior Management championed the need to address climate change.
2. Developing the adaptation agenda, vision and pathway •Develop and implement a good business plan.
•Invest in research and training.
•Ensure good labour and staff.
•Understand the challenges of developing new areas and the consequences of external factors.
•Foster positive community relations through engagement, contribution and transparency.
Organisational process: evaluation
•Created a clear vision and strategy.
•Vision and strategy communicated in the company's Annual Reports.
•Numerous opportunities in the new region provided incentives for transformation to avoid risks and seize opportunities.
•Significant costs were associated with establishing operations in new region.
3. Implementing adaptation actions •Ensure economic viability and profitability by reaching yield, production and quality targets.
•Practice good farming and achieve good outcomes, including establishing good rotational crops.
•Maximise gross margins and offset costs.
•Draw on local knowledge, better agronomic advice and support.
•Improve land capability and infrastructure, especially establish irrigation infrastructure and water allocation licenses.
•Understand the importance of obtaining government support to help establish new industry.
Organisational process: enactment •Implementation underpinned by an active research and development project and counter-seasonal strategy.
•Numerous logistical, financial and agronomic challenges constrained implementation.
•External factors posed significant constraints.
•Short term wins were not easy to create.
4. Evaluating, monitoring and learning •Ensure vision, time and resources to fully implement plans.
•Avoid getting too big too quickly.
•Focus more on areas already developed.
Organisational process: feedback
•Not able to consolidate improvements.
•Change in leadership led to new strategy, with new vision and goals.
•New plans for the future implemented through Turnaround Plan.
follow-up interviews, most PCA interviewees emphasised the need for a good business plan. Another important factor was the vision, time and resources required to fully implement plans, the implication being that these conditions were not met in this case. An alternative lesson was not to get Btoo big too quick^(PCA Qld). The follow-up interviews suggested that the Katherine venture may have become too much of an end in itself, rather than a means of securing the long-term viability of the company. The results in Table 2 also reflect how lessons from the PCA case study compare with insights from the organisational adaptation literature. For instance, with respect to Kotter's (2007) eight critical factors for successful transformation, we can say that PCA: (1) was able to establish a sense of urgency based on the declining supply of peanuts and the predicted climatic conditions; (2) went some way to forming powerful coalitions to get the Katherine venture started; was able to (3) create and (4) communicate a vision about the need for a transformational response; and (5) initially was able to empower action and remove obstacles in order to establish the Katherine properties. However, due to the major external constraints and obstacles that the company faced, PCA were unable to (6) create short-term wins that would have provided the transformation effort with more momentum and therefore unable to (7) consolidate the change nor (8) embed the changes into the organisation's structure and culture. Not being able to progress through these last three critical steps helps explain why PCA's attempt at transformational adaptation did not succeed.
Discussion
Our case study of PCA's adaptation journey provides insights into some of the many factors that shape this complex process. There are obvious limitations to how far lessons from one case study can be generalised, however our findings seem to complement and extend existing studies of organisational responses to climate change adaptation. Incremental and transformational adaptation are two strategies for agribusinesses to reduce their vulnerability to climatic risks. We tested the conceptual utility of the AAC framework (Park et al. 2012 ) through our case study analysis. Although Park et al. (2012) initially hypothesised that the incremental and transformational adaptation cycles were distinct, mutually exclusive processes, our case study reveals that these cycles can occur simultaneously. The PCA case study featured a simultaneous strategy of: (i) incremental adaptation in the dryland production area, through harvest management strategies to minimise the risk of aflatoxin contamination and the development of 'ultra-early' peanut varieties; coupled with (ii) attempted transformational adaptation, through the Katherine venture. These results indicate that the AAC framework could be revised (Fig. 2) , so that the cycles overlap instead of being nested together. This revision appears to better reflect the relationship between incremental and transformational adaptation. There are parallels here with findings from the organisational adaptation literature that describe the simultaneous pursuit of incremental and radical innovations (Kanter 2006; Varadarajan 2009 ), referred to as organisational ambidexterity (Devins and Kähr 2010) . When applied to the PCA case study, our revised AAC framework proposes that incremental and transformational adaptation are not necessarily 'either/or' options, nor are they necessarily 'one-way' options. Rather, transformation can be integrated into an overall 'ambidextrous' business planning approach and in some cases can also be reversed. Our revised AAC framework also more explicitly acknowledges the influence and interconnectedness of external, contextual factors and internal organisational dynamics than the original framework. Our PCA case study illustrates some of the types of challenges that are encountered by companies moving to a new location as a transformational adaptation response to climate change. Climate change-induced adaptation is unique in that it affects the natural resource base of the company, which is usually assumed to be constant (Arnell and Delaney 2006) and poses significant and uncertain risks that go beyond previous adaptation experience (Linnenluecke et al. 2013; Risbey et al. 1999; Winn et al. 2011 ). PCA's move to Katherine has much in common with the small number of other case studies of companies (e.g. electricity distribution firms and pastoral enterprises) undertaking Bdrastic shifts^in their geographical location in response to extreme weather events (Linnenluecke and Griffiths 2010: 487) . These studies demonstrate interdependencies between some firms and their natural environment, documenting a range of factors that shape firm relocation decisions and revealing the uncertainty surrounding relocation options and climate change impacts . Likewise, PCA's Katherine venture was challenged by higher than expected establishment and production costs and lower than anticipated yields. These were compounded by the uncertainty associated with the water allocation planning process. Moreover, in establishing a new production system in unfamiliar and challenging conditions, PCA was faced with multiple new conditions (agronomic, environmental, economic, institutional and social) that needed to be met to successfully adapt to the new environment. This result supports findings from other studies of firm relocation as an adaptive response, especially the findings from an institutional perspective, whereby a firm's adaptation is Bshaped and influenced by external social, cultural, political as well as economic structures and processes…suggesting that multiple actors and divergent interests are likely to influence adaptation decisions^ (Linnenluecke et al. 2013 : Fig. 2 Revised Adaptation Action Cycles (AAC) framework, depicting incremental and transformational adaptation as two overlapping action learning cycles, which can operate simultaneously at different scales 407). Our findings regarding the inherent difficulty, complexity, costs and risks of transformational adaptation reinforce the findings from other studies and commentary on transformational adaptation, which have identified the significant uncertainty, costs and barriers that make transformational adaptation so difficult to implement (Kates et al. 2012; Moser and Ekstrom 2010; Rickards and Howden 2012) .
Internal dynamics within the company also influenced the outcome of PCA's endeavours, since after a change in leadership the company embarked on a new strategic direction, focusing more on value-added processing and marketing initiatives. The 'Turnaround Plan' can thus be seen as an alternative adaptation action cycle, arising in part from the incremental adaptation cycle. Furthermore, the incremental adaptation options (e.g. new peanut varieties) seem to have offset some of the negative impacts of climate change. This raises the question of whether this case is an example of 'overadaption': Bthe idea that it is possible to act too soon or too vigorously^ (Rickards and Howden 2012: 245) . The uncertainty surrounding climate change Bincreases the probability of either under-adaptation (and increased disaster risk) or over-adaptation (and sunk costs in protection)^ (Hallegatte 2006:12) . However, given the complex and unpredictable nature of the adaptation process and the effect of the timing of such decisions, it is very difficult to predict whether an adaptation action taken will result in a perfectly optimal and efficient outcome (Hanneman 2000) . In summary, the results presented in this study highlight the complexity of the challenges of and barriers to organisational adaptation in agriculture, especially within the practical context of moving to a new location.
Conclusion
Our study confirms how difficult it is to implement transformational adaptation in practice: it can be costly, risky, complex and unpredictable. Our findings also suggest that incremental and transformational adaptation are not 'either/or' options, since incremental adaptation in situ can occur simultaneously with transformational adaptation at a new location. As more organisations are faced with considering incremental and transformational adaptation options, a better understanding of the complex nature of incremental and transformational adaptation decisionmaking processes and the barriers that constrain adaption actions could help inform companies and policy-makers seeking to develop and implement climate change adaptation strategies. Companies and other organisations faced with adapting to changing and often more challenging environmental conditions will likely be increasingly forced to consider transformational change. They will need to meet multiple success criteria, particularly when relocating to a new environment. Also, where environmental conditions open up new opportunities, transformational changes may be needed to take full advantage of these new conditions. Further research could use our findings on the multiple attributes needed for, and barriers to, transformational adaptation and translate these into a practical adaptation decision-making toolkit, incorporating the revised Adaptation Action Cycles framework and Kotter's (2007) eight factors for successful transformation. Such an emphasis on finding practical ways to help decisionmakers assess adaptation options could focus on developing processes for combining diverse expert and stakeholder knowledge on multiple attributes, to support robust and effective adaptation decisions, while explicitly acknowledging the uncertainty and challenges that are inherent in making these adaptation decisions.
